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Description 

[0001] The invention relates to nanoparticles for pro- 
tein aceous drugs or peptides, to a process for the prep- 
aration of nanoparticles and to the use of nanoparticles 5 
for the manufacture of a medicament for controlled re; 
lease drug delivery systems. 

[0002] Nanoparticles in form of pseudolatex are de- 
rived from an oil-in-water submicron erhulsion that Is 
converted to colloidal polymer dispersion after removal 
of the organic solvent, used to dissolve the prefomned 
polymer. Thus, they differ from most common latex pre- 
pared from water Insoluble monomers by emulsion or 
dispersion polymerization. The major advantage of 
pseudolatexes relies upon the feasibility to convert most 15 
polymers into an organic colloidal dispersion allowing 
direct incorporation of plastlcizers. Pseudolatexes of 
ethylcellulose in cellutoseacetatephtalat have been 
used for pharmaceutical coating applications (Banker et 
al., Pharmaceutical Technology 1981, pp 55 - 61). 20 
[0003] Nanocapsules of polylactlde of size centered 
around 220 nm were reported Am noury in J. Pharm. 
Sci., 1990, pp 763 - 767. The nanocapsules were pre- 
pared by an Interfaclal deposition technique. This meth- 
od was applied for encapsulation of indomethacln. 25 
[0004] Nanoencapsulation of low molecular weight 
antibiotic in polylactide-giycollde material was reported 
by Julienne et al., Proceed. Intern. Symp. Control. Rel. 
Bloact. Mater., 1989, pp 77 - 78. 

[0005] Bazile et al, reported in Biomaterials 1992, pp 30 
1093 - 1102 about the preparation of nanoparticles of 
polylactlde (90 to 250 nm) coated with albumin. The pro- 
tein was used as stabilizer of the oil-in-water emulsion 
without mentioning any encapsulation of an active drug 
and Its sustained release. 

[0006] Gref et al. in Science 1994, 263, pp 1600 - 
1603 have described the formulation of polylactlde (or 
polycaprolactone)-polyethyleneglycol block copolymer 
In 140 nm pseudolatexes. The amphiphilic copolymers 
has been used to encapsulate low molecular weight 40 
compounds that are released in some hours in vivo. 
[0007] US 5,330,768 describes a drug delivery sys- 
tem using polymer/pluronic blends. As polymers poly- 
lactide and non-ionic pluronic surfactants like block-co- 
polymers of polyethylene oxide and polypropylen oxide 45 
can be used. The blends are mentioned in order to con- 
trol the drug release kinetics particularly of proteins. 
[0008] Nanoparticles are used as drug delivery sys- 
tems. In colloidal drug delivery systems, edited by Jorg 
Kreuter. Marcel Dekker, Inc., New York, Basel, Hong so 
Kong, pp 219 - 341 , the significance of nanoparticles is 
described as well as conventional methods for produc- 
ing such nanoparticles. Biodegradable pseudo-latex 
particles (nanoparticles) have been prepared from bio- 
compatible polyesters by conventional emulsification/ 55 
solvent /solvent diffusion methods. The coating polymer 
Is Initially dissolved in a water immiscible chlorinated or- 
ganic solvent (or in mixtures of chlorinated and more po- 



lar solvents). Size of the particles usually exceeds 100 
nm and no information is available about the effective 
encapsulation of especially protein drugs. 
Although, nanoparticles have been proven to be useful 
tools for drug delivery systems. Some problems relating 
to the control of particle size as well as particle loading 
with protein drugs are not solved. Also a high loading, 
a safeguarding drug activity and allowing for controlled 
drug release is a feature which is hard to match. 
[0009] The object of the present invention is to Im- 
prove nanoparticles for the purpose of serving as drug 
delivery systems in particular for proteins or polypep- 
tides. 

[0010] This object is solved by nanoparticles with a 
particle size between 0.02 to 1 ^m as described in the 
claims. 

[0011] The nanoparticles according to the invention 
can be prepared by the following steps : 

• mixing the biocompatible polymer and the biocom- 
patible interacting agent in an organic solvent, 
mixing the solution and evaporating the solvent to 
form an essentially homogenous mixture or melting 
one of the components (the biocompatible polymer 
or the biocompatible interacting agent) and adding 
the other component (the biocompatible interacting 
agent or the biocompatible polymer, respectively) 
so that an essentially homogenous mixture is built 
up. or melting both components (biocompatible pol- 
ymer and biocompatible interacting agent) together 
and fonning an essentially homogenous mixture, 
dissolving the polymer blend in a water soluble or- 
ganic solvent selected from the group consisting of 
dimethyl sulfoxide, acetone, tetrahydrofurane. 
1.3-dioxolane, N.N-dlmethylformamide or mixtures 
thereof, 

• adding cholesterol or an anionic cholesterol deriv- 
ative as biocompatible surfactant, 

adding a polypeptide and/or a protein as drug or 
drug combination, wherein these steps are carried 
out in such a manner that the mixture of polymer 
blend, biocompatible surfactant and drug or dnjg 
combination forms an essentially homogenous mix- 
ture. 

contacting the mixture with an aqueous phase to 
form a dispersion and 

• separating the formed nanoparticles from the liquid 
phase. 

[0012] Preferably, the biocompatible polymer is a pol- 
ymer which can be readily melted or used in a solvent 
deposition process for preparing nanoparticles. If the 
polymer can be readily melted this is quite convenient 
since it must not be dissolved and can be directly mixed 
intimately with the biocompatible interacting agent. Dur- 
ing the melting process the polymer should not be de- 
composed or start to decompose. 
[0013] When the biocompatible polymer is to be dls- 
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solved, preferably organic solvents are used. In partic- 
ular, the biocompatible polymer Is an aliphatic polyester 
such as poly-e-caprolactone. polylactide or polyglycol- 
ide. or a copolymer thereof. Preferably, poly(D,L)lactide 
or poly(D,L)lactide-co-glycolide are used in particular in 5 
a 50% : 50% molar ratio. The polymer molecular weight 
is preferably in the range from 10.000 to several hun- 
dreds of thousand in particular from 20.000 to 50.000. 
[0014] The biocompatible Interacting agent is a poly- 
mer containing alcohol, ether and/or ester constitutive fo 
units. Preferably, the biocompatible interacting agent Is 
either a polyetheror polyvinyl alcohol. The preferred pol- 
yether is a polyethylene glycol or a polyoxyethylene- 
polyoxypropylene-polyoxyethylene triblock copolymer 
having in particular the general formula: 

HO(C2H40)a(C3H60)b{C2H40)3H 

wherein the lit a and b are selected to give molecular 
weight of the potyethers in the range of some hundreds 
to 20.000, preferably about 8.500, preferably lit a = 75 
and b = 30. Such compounds are named poloxamers. 
Typically, the biocompatible interacting agent is present 
in the polymer blend composition between 10 and 60% 
by weight, preferably about 50% by weight. 
[001 5] The biocompatible interacting agent can be al- 
so an amphilic graft copolymer containing an hydrophilic 
backbone grafted with hydrophobic aliphatic polyester 
subchains. The synthesis of these copolymers has been 
previously described by Barakat et al. (J. Polym. Sci. A. 
Polym. Chem. 1994, 32. 2099-2110). The hydrophilic /li- 
pophilic balance of the copolymer can be controlled by 
the comonomer molar ratio, the molecular weight of 
polylactide chains and the nature of the hydrophilic 
comonomer, e.g. polyhydroxyethylmethacrylate (HE- 
MA), acrylamide, and N-vinyl-pyrrolidone. These copol- 
ymers can be directly dissolved together with the bio- 
compatible polymer so that the preliminary step of 
blending may be avoided. 

[DDI 6] The polymeric blend of the invention is used to 
prepare the nanoparticles of the present invention. The 
polymer blend is an intermediate product which is man- 
ufactured according to the following process. The bio- 
compatible polymer is for example melted together or 
prior to the addition of the interacting agent. The two 
components are thoroughly mixed and the mixture is 
then ready to be used for preparing the nanoparticles of 
the invention. 

[0017] Alternatively, the components are dissolved in 
an organic solvent and poured together under mixing. 
After combining the solution the solvent is evaporated. 
For example, the polymers are simultaneously dis- 
solved in an organic solvent preferably acetone or a 
chlorinated solvent at room temperature. The concen- 
tration of each polymer is in the range of 1 to 10% by 
weight, preferably about 3 to 5% by weight The solvent 
can be evaporated under a nitrogen flux at ambient tem- 



perature and subsequently at 40**C until dryness. 
[001 8] The dissolution of the polymer blend of the in- 
vention can be performed at room temperature during 
a time range of about 30 mi n. A concentration range of 
the polymer blend is preferably in the range of 0.225 to 
5% by weight, more preferred about 0.3 to 0.7% by 
weight. According to the process of the invention the bio- 
compatible surfactant is an anionic derivative of choles- 
terol particularly cholesterol 3-sulfate. The surfactant in 
the oily phase of the dispersion is in the range of 0.01 
to 0.2% by weight, preferably about 0.05% by weight. 
The surfactants are preferably low range hydrophilic/li- 
pophilic tialanced compounds (HLB). 
[0019] The drug which can be used according to the 
invention is a low molecular lipophilic compound or 
polypeptide. For example, a low molecular weight drug 
such as diazepam or antibiotics, anesthetics or antimi- 
totics can be taken into account. The polypeptide could 
be a peptide or protein including enzymes or antigen 
molecules such as bovine serum albumin (BSA) or so- 
matotropin or tetanus toxoid, influenza virus. Also drug 
combinations can be used in the process of invention, 
for example, diazepam/somatotropin. 
[0020] The dnjg loading depends on the nature of the 
substance and is typically in the range of 0.2 to 20% by 
weight based on the amount of polymer, preferably 
about 10% by weight. Depending on the solubility and 
stability of the drugs to be loaded to the nanoparticles 
they can be initially solubilized either in water before ad- 
dition in the organic solution or directly in the organic 
solution. 

[0021] Typically, the two phase system in which the 
nanoparticles are formed is consisting of an oil/aqueous 
phase. The volume ratio is about 0.7 to 15%. probably 
8 to 12%. The dispersion is typically performed using 
machines e. g. stirrer, rotor-stator equipment or high 
pressure homogenizer. Preferred is a rotor-stator equip- 
ment. The dispersion is carried out at room temperature 
for 15 sec. to 2 m in. The preferred organic solvents are 
water soluble organic solvents such as DMSO. acetone, 
tetrahydrofurane. 1,3-dioxolane. N,N-dimethylforma- 
mide or mixtures thereof. 

[0022] The process of the invention can be controlled 
by changing the polymer concentration in the oil phase, 
the oil-aqueous phase ratio, the surfactant and its con- 
centration in the oil phase and solvent itself. 
[0023] Also the composition of the polymer blend 
(weight ratio of the two polymers) has an effect on the 
average particle size. According to the invention the 
process conditions are adjusted that nanoparticles of a 
size of 0.02 to 1 ^im, preferably 50 to 200 nm (average 
size) are fomied. In the process of the invention the sep- 
aration of nanoparticles in the liquid phase is achieved 
by filtration or centrifugation. The nanoparticles are sep- 
arated from the original liquid phase in order to eliminate 
the organic solvent(s) and the non-encapsulated drug. 
Preferably, the filtration is carried out at 25°C with an 
ultrafiltration membrane, preferably by tangential-ultra- 
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filtration in order to avoid membrane blocking. A suitable 
membrane is, for example, a cellulosic type membrane 
of a spiral-type configuration within 0.09 area and a 
cut off of 100.000. After a first diafiltration cycle nano- 
particles are diluted e. g. 2 1 of water and purified twice 
so as to eliminate up to 99.9% of the original solvent. 
The organic solvent can also be removed from nanopar- 
ticles by extraction into the aqueous phase and or ultra- 
filtration or by evaporation if the organic solvent is suf- 
ficiently volatile. Centrifugation is an alternative to the 
latex filtration when the particles settle down easily with- 
out any aggregation. 

[0024] It may be advantageous to add a polymer such 
as polyethyleneglycol and/or a polyoxylene-polyoxy- 
lene triblock copolymer for making easier redispersion 
of the nanoparticles after they have undergone a freeze- 
drying. The additive concentration in latex suspension 
is in a range of 2 to 10% by weight, preferably 3 to 5% 
by weight. 

[0025] The invention allows production of biocompat- 
ible and biodegradable pseudolatex particles with a ho- 
mogenous size below 140 nm. The nanoparticles of the 
invention advantageously show efficient immobilization 
of proteinaceous dmgs by preserving their activity and 
allowing for their controlled release. The rianoparticles 
of the invention are stable colloidal carriers against en- 
vironmental attacks such as pH modifications or freez- 
ing or freezedrying processes. All excipients of the for- 
mulation are biocompatible for parenteral uses. The pol- 
ymer blend of the present invention is used for the prep- 
aration of colloidal vectors. The polymer blend of the in- 
vention has specific properties in terms of solubility, vis- 
cosity and in terms of protein interaction. The nanopar- 
ticles prepared by the polymeric blend of the invention 
can advantageously be used for administering protein- 
aceous drugs. By using the polymeric blend of the in- 
vention the activity of the immobilized protein can be 
kept. 

[0026] The nanoparticles of the invention can be ap- 
plied in methods of treating patients with drugs or the 
drug combinations. Thereby, the dnjgs or drug combi- 
nations are adhered on/or incorporated in nanoparti- 
cles. They are administered to patients in need of the 
drugs associated with the nanoparticles orally, intraperi- 
toneally, topically, intranasally, intravenously in amounts 
to give an active dose. Examples of treatments are clin- 
ical applications such as diabetes and tumor treatment, 
inflammation and intracellular infection treatment (oph- 
thalmic delivery e.g. pilocarpine, anti tumor drugs and 
so on), targeting towards inflammation in the body, ad- 
juvant for vaccine, vaccine controlled delivery (e.g. HIV 
virus or influenza). 

[0027] Figure 1 shows the in vitro release of soma- 
totropin (ST). The 1-125 and radio-immuno-assay (RIA) 
curves correspond to the total and active form of the pro- 
tein released respectively (cumulative curves). 
[0028] Figure 2 shows the size distribution of 
PLGA-F68 nanoparticles measured by PCS. 



[0029] Figure 3 shows a micrograph (TEM) of nano- 
particles. 

[0030] Figure 4 shows in vitro release of somatotropin 
(ST). The 1-125 and RIA curves correspond to the total 
5 and active form of the protein released respectively (cu- 
mulative curves). 

[0031] Figure 5 shows the in vitro release of soma- 
totropin (ST). The 1-125 and radio-immuno-assay (RIA) 
curves con'espond to the total and active form of the pro- 
10 tein released respectively (cumulative curves). 

[0032] The invention is further explained by the fol- 
lowing examples. 

EXAMPLES 

15 

Example 1 

Nanoparticles prepared from a poly(D,L)lactide-co- 
glycolide poloxamer blend and used to immobilize 
20 somatotropin 

[0033] 225 mg of a poly (D,L)Iactide-co-glycolide co- 
polymer (50 mol %; Mn : 20.000; designated as PLGA) 
and 225 mg of a polyoxyethylene-polyoxypropylene- 

25 polyoxyethylene triblock copolymer (Poloxamer: 
Pluronic® F68) were dissolved in 5 ml of methylene 
chloride at room temperature for 15 min. The organic 
solvent was let to evaporate under nitrogen, at.room 
temperature and then to 40°C. This polymer blend could 

30 be used immediately or stored at 4'*C for several days 
under dry conditions. 

[0034] Cholesterol 3-sutfate (25 mg) was added to the 
polymer blend followed by 50 ml of DMSO (p.a.). Dis- 
solution took place for 25 min. at room temperature. So- 

35 matotropin (25 mg of a lyophilisate powder) was added 
to the organic solution and dissolved (5 min). This or- 
ganic solution was dispersed for 2 min. in 700 ml of wa- 
ter with a rotor-stator equipment (Ultra-tun-ax; IKA 
Weri<e. Janke and Kunkel GmbH & Co. KG, Staufen, 

40 Gemiany; S25N-18g drive unit. 24,000 rpm). The sus- 
pension obtained was diluted by water until a total vol- 
ume of 2 1. and then purified by ultrafiltration by using 
a tangential ultrafiltration equipment (Spiral membrane 
Amicon, Inc., Beverly, MA. USA. model S1Y100) and a 

45 peristaltic pump (model CH2, Amicon, inlet flow rate: 2 
l/min; inlet and back-pressure : respectively 0.68-0.5 
bar (10 and 8 psi)). After a first diafiltration cycle, nano- 
particles were diluted in water (2 1) and purification was 
repeated in order to completely eliminate DMSO and the 

50 free protein. The latex suspension was concentrated: fi- 
nal volume of e. g. 100 ml. The suspension was used 
either immediately or added NaNg (0.001 %) and stored 
at 4*'C. It can also be freezed or freezed-dried after the 
addition of the poloxamer: Pluronic F68 (4 wt-%). The 

55 total amount of polymer in the final latex suspension was 
ca. 40 % of the original amount. 
[0035] The somatotropin immobilization efficiency 
was 90%. The total amount of protein immobilized was 
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measured by using an iodinated (1-125) form of soma- 
totropin and measuring the 1-125 associated with the la- 
tex. The immobilization efficiency of the active protein 
was ca. 30 to 40%. Activity of the protein was assessed 
by radlo-lmmuno-assay (RIA) either directly on the latex 5 
suspension, or after lyophilization of the latex dissolu- 
tion In DMSO, or from the total amount released protein 
(see next section). 

[0036] The rate of the protein released was measured 
at 12°C by dialysis (membrane of a 100,000 Da cut-off: io 
Spectra/Por Cellulose Ester membrane. Spectrum, 
Houston, Tx, USA). Nanoparticles were stored in the di- 
alysis bag, and release of the protein was measured 
against a sodium phosphate buffer (1 0 mM, pH 7.4) con- 
taining serum albumin bovine (1 wt-%) and NaNg 15 
(0.02%). This solution was replaced every day (4 ml of 
latex suspension compared to 6 ml of external buffer). 
The protein concentration in the external buffer was 
measured by RIA (active form) and by the amount of I- 
1 25 associated with the released iodinated protein (total 20 
amount). Kinetics of in vitro release are shown in figure 
1. The size of the particles was measured by dynamic 
light scattering (or PCS) (figure 2). 

Example 2 (Comparative test) 

Nanoparticles prepared from poly(D,L)lactlde and 
used to Immobilize a somatotropin 

[0037] In this case poly (d,l)lactide-co-glycolide was 
used alone, thus without any biocompatible interacting 
agents such as in example 1 . The mean size of the latex, 
as analyzed by PCS and transmission electron micros- 
copy (fig. 3) was smaller: 70 nm compared to 1 00 to 1 40 
nm for the poly(d,l)lactide-co-glycollde/Pluronic® F68 
blend. This size has been verified by transmission elec- 
tron microscopy (figure 3). Figure 4 shows that the pro- 
tein was released essentially as an inactive compound. 

Example 3 

[0038] 225 mg of PLGA, 22,5 mg of poly [HEMA-g-(D, 
L)-polylactide] graft copolymer, and 25 mg of cholesterol 
sulfate were dissolved in 50 ml of DMSO (p.a.). Disso- 
lution and oil in water dispersion were perfomied as de- 
scribed In example 1 . As can be seen from figure 5 the 
protein is also released essentially as an active com- 
pound similarly to Example 1. 



Claims 

1. Nanopartides for proteinaceous drugs or peptides 
with a particle size between 0.02 to 1 \Lm 
containing 

a) a biocompatible polymer selected from the 
group consisting of poly-e-caprolactone, poly- 



lactide, polyglycolide or copolymers thereof, 

b) a biocompatible interacting agent selected 
from the group consisting of polyethylenegly- 
col. polyoxyethylene-polyoxypropylene-poly- 
oxyethylene triblock copolymer having the gen- 
eral fomriula 

HO(C2H40)3(C3H60)b(C2H40)3H 

wherein a and b are selected to give a molec- 
ular weight of the total interacting agent in the 
range of some hundreds to 20,000 Da, or an 
amphilic graft copolymer containing an hy- 
drophilic backbone grafted with hydrophobic 
aliphatic polyester subchains, 

c) cholesterol or an anionic cholesterol deriva- 
tive as biocompatible surfactant, 

d) a peptide and/or a protein as a drug. 

wherein substances in a), b) c) and d) fomi an es- 
sentially homogeneous mixture. 



2. Nanoparticles according to claim 1 , wherein the bio- 
25 compatible polymer is a polylactide, 

3. Nanoparticles according to claim 1 or 2, wherein the 
drug is an oligo- or polypeptide or a mixture of an 
oligo- or polypeptide with a low or high molecular 

30 weight biologically active substance. 

4. Nanoparticles according to claim 1 to 3, wherein the 
peptide drug is selected from the group consisting 
of enzymes, antigen molecules, somatotropin, tet- 

35 anus toxoid, influenza virus. 

5. Process for preparing nanoparticfes according to 
claim 1 comprising the steps of 

40 • mixing the biocompatible polymer and the bio- 
compatible interacting agent in an organic sol- 
vent, 

• mixing the solution and evaporating the solvent 
to fonn an essentially homogenous mixture or 
45 melting one of the components (the biocompat- 

ible polymer or the biocompatible interacting 
agent) and adding the other component (the 
biocompatible interacting agent or the biocom- 
patible 

50 • polymer, respectively) so that an essentially ho- 
mogenous mixture is built up, or melting both 
components (biocompatible polymer and bio- 
compatible interacting agent) together and 
fonming an essentially homogenous mixture, 

55 • dissolving the polymer blend in a water soluble 
organic solvent selected from the group con- 
sisting of dimethyl sulfoxide, acetone, tetrahy- 
drofurane. 1 .3-dioxolane, N.N-dimethylforma- 



5 



9 



EP 0 752 245 B1 



10 



mide or mixtures thereof, 
adding cholesterol or an anionic cholesterol de- 
rivative as biocompatible surfactant, 
adding a polypeptide and/or a protein as drug 
or drug combination, 

wherein these steps are carried out in such a 
manner that the mixture of polymer blend, bio- 
compatible surfactant and drug or drug combi- 
nation forms an essentially homogenous mix- 
ture. 

• contacting the mixture with an aqueous phase 
to form a dispersion and 

• separating the formed nanoparticles from the 
liquid phase; 

6. Process according to claim 5, wherein the separa- 
tion of nanoparticles and the liquid phase is 
achieved by filtration, centrifugation or wherein the 
organic solvent is removed from the nanoparticles 
by extraction Into the aqueous phase and/or ultra 
filtration or by evaporation if the organic solvent Is 
sufficiently volatile. 

7. Process according to claim 5 or 6, wherein a poly- 
mer Is added for making easier redlsperslon of the 
nanopartictes after freeze-drying of the nanoparti- 
cles. 

8. Process according to claim 7, wherein the polymer 
is polyethylene glycol andlor a polyoxyethylene- 
polyoxypropylene-polyoxyethylene trlblock copoly- 
mer. 

9. Process according to claim 5 to 8, wherein the re- 
action mixture after partitioning Is frozen. 

10. Process according to claim 5 to 9, wherein the drug 
is selected from the group consisting of enzymes, 
antigen molecules, somatotropin, tetanus toxoid, 
influenza virus. 

11. Use of the nanoparticles according to claims 1 to 4 
for the manufacture of a medicament for controlled 
release drug delivery systems. 

12. Use of drugs or drug combinations adhered on or 
Incorporated in nanoparticles of claims 1 to 4 for the 
manufacture of a medicament for the application to 
patients in need of the drugs associated with nan- 
oparticles orally, intraperitoneally. topically, intrana- 
sally, intravenously in amounts to give an active 
dose. 



PatentansprOche 

1. Nanopartikel fur eiweiBahnliche Wirkstoffe oder 
Peptide mit einer PartikelgroRe zwischen 0,02 bis 



1 ^im, enthaltend 

a) ein biovertragliches Polymer, ausgewahit 
aus der Gruppe bestehend aus Poly-e-capro- 
lacton, Polylactid, Pofyglykolid oder Copolyme- 
re davon. 

b) eine biovertragliche Interagierende Sub- 
stanz, ausgewahit aus der Gruppe bestehend 
aus Polyethylenglycol, Polyoxyethylen-Poly- 
oxypropylen-Polyoxyethylen-Triblock-Copoly- 
mer mit der allgemeinen Formel 

HO{C2H40)3(C3H60)j,(C2H40)3H 

wobei a und b so ausgewahit werden, um ein 
Molekulargewicht der gesamten interagieren- 
den Substanz im Bereich von mehreren hun- 
dert bis 20.000 Da zu ergeben. 
Oder ein amphiphiles Pfropf copolymer, enthal- 
tend ein hydrophiles Grundgerust, das mit hy- 
drophoben aliphatischen Polyester-Seitenket- 
ten gepfropft ist, 

c) Cholesterin oder ein anionisches Cholsterin- 
derlvat als blovertragllcher grenzflachenaktiver 
Stoff. 

d) ein Peptid und/oderein Protein als Wirkstoff. 

wobei die Substanzen in a), b). c) und d) eIne im 
Wesentlichen homogene Mischung bilden. 

Nanopartikel nach Anspmch 1, dadurch gekenn- 
zeichnet, dass das biovertragliche Polymer Po- 
lylactid ist. 

Nanopartikel nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet. dass der Wirkstoff ein Ollgo- oder 
Polypeptid oder eine Mischung eines Ollgo- oder 
Polypeptides mit einer niedermolekularen oder 
hochmolekularen biologlsch wirksamen Substanz 
ist. 

Nanopartikel nach den Anspruchen 1 bis 3, da- 
durch gekennzeichnet, dass der Peptid-Wlrkstoff 
ausgewahit ist aus der Gruppe bestehend aus £n- 
zymen, Antigenmolekulen, Somatotropin, Teta- 
nustoxln. tnfluenzavirus. 

Verfahren zur Herstellung von Nanopartlkeln. ge- 
maB Anspruch 1 , umfassend die Schritte: 

Mischen des biovertraglichen Polymers und 
der biovertraglichen inter agierenden Substanz 
in einem organischen Losungsmlttel. 
• Mischen der Losung und Verdampfen des Ld- 
sungsmittels, um ein im Wesentlichen homoge- 
nes Gemisch zu bilden, oder Schmelzen eines 
der Bestandteile (das biovertragliche Polymer 
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Oder die biovertragliche interagierende Sub- 
stanz) und Zufugen der anderen Komponente 
(die biovertragliche interagierende Substanz 
bzw. das biovertragliche Polymer), so dass ein 
im Wesentlichen homogenes Gemisch ent- 5 
steht, Oder gemeinsames Schnnelzen der bei- 
den Komponenten (das biovertragliche Poly- 
mer Oder die biovertragliche interagierede Sut>- 
stanz) und Bildung eines Im Wesentlichen ho- 
mogenen Gemisches. 
• Losen der Polymermischuhg in einem in Was- 
ser loslichen organischen Losungsmittel, aus- 
gewahlt aus der Gruppe bestehend aus Dime- 
thylsulfoxid, Aceton, Tetrahydrofuran, 1,3-Dio- 
xolan, N,N-Dimethylformamid Oder MIschun- 15 
gen davon, 

Zugabe von Cholesterin oder eines anioni- 

schen Cholesterinderivates als biovertragli- 

chen grenzflachenaktiven StofF, 

Zugabe eines Polypeptides und/oder eines 20 

Proteins als Wirkstoff oder Wirkstoff-Kombina- 

tion. 

wobei diese Schritte derart ausgefuhrt werden, 
dass das Gemisch aus Polymemriischung, bio- 
vertraglichem grenzflachenaktiven Stoff und 25 
Wirkstoff Oder Wirkstoff-Kombi nation eine im 
Wesentlichen homogene Mischung bildet, 
Inkontaktbrlngen der Mischung mit einer was- 
serigen Phase, um eine Dispersion zu bilden 
und 30 
Trennung der gebildeten Nanopartikel von der 
flussigen Phase. 

6. Verfahren nach Anspruch 5. dadurch gekenn- 
zeichnet, dass die Trennung der Nanopartikel und 35 
der flussigen Phase en-eicht wird durch Filtration, 
Zentrifugation oder wobei das organische Losungs- 
mittel von den Nanopartikein durch Extraktion in die 
wasserige Phase entfernt wird und/oder durch Ul- 
trafiltration Oder durch Evaporation en-eicht wird, 
wenn das organische Losungsmittel hinreichend 
fluchtig ist. 

7. Verfahren nach Anspaich 5 oder 6, dadurch ge- 
kennzeichnet, dass ein Polymer fur eine leichtere 45 
Redispersion der Nanopartikel nach Gefriertrock- 
nung der Nanopartikel hinzugefugt wird. 

8. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, dass das Polymer Polyethylenglykol so 
und/oder Polyoxyethylen-Polyoxypropylen-Poly- 
oxyethylen-Trlblock-Gopolymer ist. 

9. Verfahren nach den Anspruchen 5 bis 8, dadurch 
gekennzeichnet, dass die Reaktionsmtschung 55 
nach der Abtrennung eingefroren wird. 

10. Verfahren nach den Anspruchen 5 bis 9, dadurch 



gekennzeichnet. dass der Wirkstoff ausgewahit ist 
aus der Gruppe bestehend aus Enzymen, Antigen- 
molekulen, Somatotropin. Tetanustoxin, Influenza- 
virus. 

11. Verwendung der Nanopartikel gemaS den Anspru- 
chen 1 bis 4 zur Herstellung eines Arzneimittels in 
Form von Wirkstoff-Darreichungs-Systemen mit 
kontrollierter Frelsetzung. 

12. Venwendung von Wirkstoffen oder Wirkstoffkombi- 
nationen, die an Nanopartikel gemaB der Anspru- 
che 1 bis 4 anhaften oder in diese Nanopartikel ge- 
ma& den Anspruchen 1 bis4eingearbeltetsind, zur 
Herstellung eines Arzneimittels zur oralen, intrape- 
ritonealen, topischen. Intranasalen oder intraveno- 
sen Verabreichung von mit Nanopartikein verbun- 
denen Wirkstoffen an Patienten. die die Wirkstoffe 
benotigen, wobei die Verabreichung in Mengen er- 
folgt, um eine wirksame Dosis zu ergeben. 



Revendications 

1. Nanoparticules pour des medicaments proteiques 
ou des peptides ayant une taille de particules com- 
prise entre 0,02 et 1 ^m, contenant 

a) un polymere biocompatible choisi dans I'en- 
semble constitue de e-caprolactone, polylacti- 
de, polyglycolide ou des copolym^res de ceux- 
ci, 

b) un agent biocompatible d'Interaction choisi 
dans I'ensemble constitue de polyethylenegly- 
col. copolym^re trisequence de polyoxyethyl6- 
ne-polyoxypropyl6ne-polyoxyethylene ayant la 
fomnule gen§rale 

HO(C2H40)3(C3H60)b(C2H40)3H 

dans laquelle a et b sont cholsis de fagon a don- 
ner un poids mol6culaire de I'agent total d'Inte- 
raction compris entre quelques centaines et 20 
000 Da. 

ou un copolymfere greffd amphiphile contenant 
un squelette hydrophile greffe avec des sous- 
chaines hydrophobes de polyester aliphatique, 

c) du cholesterol ou un derive anionique du 
cholesterol en tant qu'agent tensio-actif bio- 
compatible. 

d) un peptide et/ou une proteine en tant que 
medicament, les substances indiqu§es en a), 
b), c) et d) formant un melange sensiblement 
homog6ne. 

2. Nanoparticules selon la revendication 1 , dans les- 
quelles le polym6re biocompatible est un polylacti- 
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de. 

Nanoparticules selon la revendication 1 ou 2. dans 
lesquelles le medicament est un olrgo- ou un poly- 
peptide ou un melange d'un oltgo- ou d'un polypep- 5 
tide avec une substance biologiquement active de 
poids mol^culaire has ou eleve. 

Nanoparticules selon I'un des revendications 1 a 3, 
dans lesquelles le medicament peptldique est choi- 
si dans {'ensemble constitu^ par des enzymes, des 
molecules d'antlg§nes, la somatotrophine. I'ana- 
toxine tetanique et le virus de la grippe. 

Proc6de de preparation de nanoparticules selon la ^5 
revendication 1 , comprenant les etapes consistant 

meianger le polym6re biocompatible et I'agent 
biocompatible d'interaction dans un solvant or- 20 
ganique. 

• meianger la solution et evaporer le solvant pour 
former un rn^lange sensiblement homogene ou 
faire fondre I'un des composants (le polym6re 
biocompatible ou I'agent biocompatible d'inte- 25 
raction) et ajouter I'autre composant (respecti- 
vement I'agent biocompatible d'interaction ou 

le polym^re biocompatible) de fagon a former 
un melange sensiblement homogfene, ou faire 
fondre les deux composants (le polymdre bio- 30 
compatible et I'agent biocompatible d'interac- 
tion) ensemble et former un melange sensible- 
ment homogene, 

dissoudre le melange polym^re dans un sol- 
vant organique soluble dans I'eau, choisi dans 35 
I'ensemble constitu6 par le dimethylsulfoxyde, 
I'ac^tone, le t^trahydrofuranne, le 1,3-dioxola- 
ne, le N,N-dim6thylfomnamide ou des melan- 
ges de ceux-ci, 

• ajouter du cholesterol ou un derive anionique 40 
du cholesterol en tant qu'agent tensio-actif bio- 
compatible. 

• ajouter un polypeptide et/ou une prot6ine en 
tant que medicament ou combinaison de medi- 
caments, ^5 
ces etapes etant effectu6es d'une manifere telle 
que le melange formd du melange polymere, 

de I'agent tensio-actif biocompatible et du me- 
dicament ou de la combinaison de medica- 
ments forme un melange sensiblement homo- so 
g^ne, 

• amener le melange au contact d'une phase 
aqueuse pour former une dispersion et 

• separer les nanoparticules fonmees d'avec la 
phase liquide. 

Procede selon la revendication 5, dans lequel on 
atteint la separation des nanoparticules et de la 



phase liquide par filtration ou parcentrifugation, ou 
dans lequel on elimine le solvant organique des na- 
noparticules par extraction dans ta phase aqueuse 
et/ou par ultrafiltration ou par evaporation si le sol- 
vant organique est suffisamment volatil. 

7. Procede selon la revendication 5 ou 6, dans lequel 
on ajoute un polymfere pour effectuer une redisper- 
sion plus aisee des nanoparticules apres une lyo- 
philisation des nanoparticules. 

8. Procede selon la revendication 7, dans lequel le po- 
lymere est un polyethyieneglycol et/ou un copoly- 
mere trisequence de polyoxyethyiene-polyoxypro- 
pyiene-polyoxyethyiene. 

9. Precede selon t'une des revendications 5 a 8. dans 
lequel on congeie le melange de reaction apres son 
partage. 

10. Precede selon Tune des revendications 5^9, dans 
lequel le medicament est choisi dans I'ensemble 
constitue par des enzymes, des molecules d'anti- 
genes, la somatotrophine. I'anatoxine tetanique et 
le virus de la grippe. 

11. Utilisation des nanoparticules selon les revendica- 
tions 1^4 pour la fabrication d'un medicament pour 
des systemes d'administration de medicaments ^ 
liberation maTtrisee. 

12. Utilisation de medicaments ou de combinaisons de 
medicaments adherent a ou incorpores dans des 
nanoparticules selon les revendications 1 a 4 pour 
la fabrication d'un medicament a administrer a des 
patients n6cessitant des medicaments associes a 
des nanoparticules, parvoie orale. intraperitoneale, 
topique, nasale ou intraveineuse, en des quantites 
qui foumissent une dose active. 
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Fig. 3 
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Fig. 5 
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